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ABSTRACT 

Aims. Polarization measurements of the Galactic plane at A6 cm probe the interstellar medium (ISM) to larger distances compared to 
measurements at longer wavelengths, hence enable us to investigate properties of the Galactic magnetic fields and electron density. 
Methods. We are conducting a new A6 cm continuum and polarization survey of the Galactic plane covering 10° < I < 230° and 
\b\ < 5°. Missing large-scale structures in the U and Q maps are restored based on extrapolated polarization K-band maps from the 
WMAP satellite. The A6 cm data are analyzed together with maps at other bands. 

Results. We discuss some results for the first survey region, 7° x 10° in size, centered at (/, b) = (125°5,0°). Two new passive 
Faraday screens, G125.6-1.8 and G124. 9+0.1, were detected. They cause significant rotation of background polarization angles but 
little depolarization. G124.9+0.1 was identified as a new faint HII region at a distance of 2.8 kpc. G125.6-1.8, with a size of about 
46 pc, has neither correspondence in enhanced Ho- emission nor a counterpart in total intensity. A model combining foreground and 
background polarization modulated by the Faraday screen was developed. Using this model, we estimated the strength of the ordered 
magnetic field along the line of sight to be 3.9 /jG for G124.9+0. 1, and exceeding 6.4 fiG for G125.6-1.8. We obtained an estimate 
of 2.5 and 6.3 mK kpc -1 for the average polarized and total synchrotron emissivity towards G124. 9+0.1. The synchrotron emission 
beyond the Perseus arm is quite weak. A spectral curvature previously reported for SNR G 126. 2+ 1.6 is ruled out by our new data, 
which prove a straight spectrum. 

Conclusions. The new A6 cm survey will play an important role in improving the understanding of the properties of the magneto- 
ionic ISM. The magnetic fields in HII regions can be measured. Faraday screens with very low electron densities but large rotation 
measures were detected indicating strong and regular magnetic fields in the ISM. Information about the local synchrotron emissivity 
can be obtained. 

Key words. Surveys - Polarization - Radio continuum: general - Methods: observational - ISM: magnetic fields 



X 1- Introduction iReich & Reichl d!988ah . A number of pola rization surve ys of 
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our Galaxy were carried out, as reviewed by Reich (2006). The 

The first detection of diffuse polarized emission milestone among the early surveys is the multi-freque ncy map- 

from the Milky Way Galaxy dWesterhout et al.| [19621 ping of the northern sky by Brouw & SrJ0elstra Tfjg| with the 

I Wielebinski, Shakeshaft, & Pauliny-Toth | [1962J) confirmed Dwingeloo 25 m telescope at 408 MHz, 465 MHz, 610 MHz, 

that its non-thermal radiation originates in synchrotron emis- 820 MHz and un MHz These suryeys were absolutely cali . 

sion. The two major sources of polarized emission from our Crated 
Galaxy are diffuse radio emission associated with the Galactic 

disk produced by relativistic electrons spiraling in interstellar The Galactic plane polarization surveys experienced re- 
magnetic fields, and discrete sources such as supernova rem- naissance in the 1980s. A 2.7 GHz survey with 4.'3 resolu- 
nants (SNRs) with compressed interstellar magnetic fields, tion, conducted with the Effelsberg 100 m telescope, uncov- 
where relativistic electrons are accelerated by shocks. ered various patchy polarization s tructures, most of which have 

To understand the properties of the ISM in our Galaxy 
a num ber of whole sky surveys (e.g. as reviewed by iReichl 



no counterpart in total intensity (|Junkes. Fiirst & Reichl | 1987t 



Reich, Reich & Fill-sil l 19901: IReich et alJll99rilFurst et alJll99l, 

120031) have been made. Also large-scale radio surveys of iDuncan et alj!999t). Subsequent su rveys like the Parkes 2.4 GHz 

the Galactic plane with higher angular resolution were per- survey dDuncan et alj|1995l 119971) . and t he Effelsberg Medium 

formed. The large-scale surveys clearly show the concentra- Latitude Survey (EML S) at 1.4 GHz dUvaniker et alj [l998. 

tion of emission on the Galactic plane, which hosts copi- 119991: IReich et alj|2004l) continue to reveal diffuse polarization 

ous structures. Survey data at 408 MHz (lHaslam et alj 1 19821) structures over various scales. To achieve arcmin angular resolu- 

were used to construct a Galactic radio emission model tion, interferometers were also used. Large areas were observed 

dBeuermann. Kanbach & Berkhuiisenl 119851) . The spectral in- at 350 MHz with the Westerbork Synthesis Radio Telescope 

dex distribution for the northern sky was determined by (WSR T, IWieringa et all 119931: lHaverkorn. Katgert. & de Bruvnl 

120031) . The Canadian Galactic Plane Survey (CGPS) at 1 .4 GHz 

Send offprint requests to: X. H. Sun was carried out with the Dominion Radio Astrophysical 
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Observatory (DRAO ) Synthesis Telescope dTavloret all 120031; 
lUvaniker et al.ll2003l) . and the Southern Galactic Plane Survey 
(SGPS) at 1.4 G Hz was conducted w ith the Australia Telescope 
Compact Array dGaensleret al.ll2001l) . 

Although a wealth of new data is available, we are still far 
away from a clear picture of the ISM structure in our Galaxy, 
since the desired information from the data is still limited. 
Significant depolarization has been observed at low frequen- 
cies, which can be caused by intrinsic ISM structures, e.g. ran- 
dom magnetic fields, within a telescope beam, or Faraday ef- 
fects from magnetized thermal gas either inside or in front of 
emission regions. The interferometer data have high angular res- 
olution to resolve details. The polarization maps show over- 
whelming s mall-scale emission and depolarization f eatures (e.g. 
"canals" in lHaverkorn. K atgert, & de Bruyn 2003) often inter- 
preted as caused by fluctuations of the ISM due to turbulent 
cells with scales comparable to observational beam sizes. But 
the short-baseline data are missing so that large-scale structures 
are not observed. Single dish observations pick up large-scale 
structures, but small-scale structures cannot be resolved due to 
coarser angular resolution. 

Currently a Sino-German A6 cm polarization survey of the 
Galactic plane is carried out using the Urumqi 25 m radio tele- 
scope, which has a resolution of 9'5, about the same as for the 
1.4 GHz EMLS. These observations cover large regions and re- 
veal large-scale structures being missed in any synthesis tele- 
scope surveys at this frequency. On the other hand, the Faraday 
effect is related with the square of the observed wavelength 
dTribbldl 1 99 U ISokoloff et all 1 9981) . therefore, Faraday depolar- 
ization is much smaller than that at lower frequencies, and we 
can see much deeper into the ISM at 4.8 GHz. This is exactly 
the impetus of the A6 cm polarization survey. 

The new A6 cm data are also quite valuable for studies of 
large diameter SNRs, which cannot be observed easily by other 
telescopes due to their large size in the sky and the high sen- 
sitivity needed. The continuum data can be used to investigate 
whether there is a spectral curvature at high frequencies (e.g. 
that of S 147 by iFiirst & Reichll 19861) . which is important to un- 
derstand the late evolution of SNRs. Due to little Faraday modu- 
lation the polarization maps show the magnetic field structure of 
SNRs very directly. They can also be used as probes for Faraday 
tomography analysis to study the prop erties of the IS M both in- 
side and in the foreground of SNRs (I Sun et al. 2006). 

The A6 cm survey is also inspired by the current focus on 
measurements of the cosmic microwave background polariza- 
tion. The synchrotron emission from our Galaxy is the major 
foreground contamination, which has been modeled by various 
groups (e.g. iBernardi et alj|2003b . The DRAO 1.4 GHz p olar- 
ization survey of the northern sky dWolleben et alj 120061) . our 
4.8 GHz survey and the Wil kinson Microwav e Anisotropy Probe 
(WMAP) polarization data (Page et al. 2006) might be combined 
to yield a superb template. 

Polarization data must be absolutely calibrated, since polar- 
ized structures might be totally different in morphology after 
calibration due to the non-linear dependence of the polarize d 
intensity on the Stokes parameter U and Q (e.g. Reich 2006). 
To obtain absolute measurements of large-scale structures, the 
influence of the environment s (ground and atmosph ere) and all 
kind of instrumental effects ( Wollebe n et al.l [20061) have to be 
carefully removed. In this paper, the ground radiation and the in- 
strument's effects are fit with a first or second order polynomial, 
which is then subtracted from the original data. The lost large- 
scale structures are then recovered us ing the K-band (22.8 GHz) 
data from WMAP (Page et al. 2006) by spectral extrapolation. 



This scheme is not really an absolute calibration, but can be re- 
garded to be sufficient for current analysis of the A6 cm data. 
Here, we present an extensive study of the first region of the sur- 
vey. In Section 2, the instrument and survey strategy are briefly 
introduced. The data reduction is described in Section 3. The 
survey map obtained is discussed in Section 4. A detailed study 
of individual objects is presented in Section 5. Conclusions are 
summarized in Section 6. 



2. Instrumentation and survey observing strategy 

The Sino-German A6 cm continuum and polarization survey of 
the Galactic plane is being conducted using the Urumqi 25 m 
telescope located at Nanshan station (87° E, 43° N) of the 
Urumqi Observatory, National Astronomical Observatories of 
the Chinese Academy of Sciences. The A6 cm receiving system 
was constructed at the Max-Planck-Institut filr Radioastronomie 
(MPIfR) in Germany and installed at the telescope in August 
2004. The survey observations were started in September 2004. 

The system has been briefly introduced bv lSun et al.l (2006) 
and will be detailed elsewhere (Reich et al., in prep.). The receiv- 
ing system, in the direction of the receiving process of signals, 
consists of: (1) a corrugated feed installed in the secondary fo- 
cus; (2) an orthogonal transducer converting the signals into left- 
handed (L) and right-handed (R) polarized components; (3) two 
cooled HEMT pre-amplifiers working below 15 K in a dewar; 
(4) local oscillators; (5) a polarimeter making the four correla- 
tions of R and L components (LL*, RR*, RL*, R*L); (6) voltage- 
frequency converters converting the detected voltage signals to 
frequencies on the antenna, which enables the long-distance 
transportation of the signals to a digital backend in the con- 
trol room; (7) a MPIfR "Pocket backend" in the control room 
that counts the frequency-coded signals from the four channels. 
These raw data are transfered to a Linux PC and stored on disk 
for further processing. 

The backend can be conveniently remotely set from the con- 
trol room for the sampling time (i.e. the integration time for 
raw data) and the duration of the injection of calibration signals. 
This system is a copy fro m that used at the Effelsberg telescope 
dWielebinski et al.l 12002). One modulation cycle contains four 
phases. The sampling time (i.e. duration of one phase in mod- 
ulation) is set to 32 msec as a standard, but can be changed to 
16 msec if necessary. For two subsequent phases within a cycle 
the calibration signal is switched on, so that any gain changes 
of the system can be monitored. The phase of the output sig- 
nals is switched by 180° alternatively for every phase, that the 
quadratic terms of the polarimeter are canceled. In one whole 
cycle, i.e. 128 ms, four combinations of different settings of cal- 
ibration and phase-switching are realized. 

The A6 cm system has a system temperature about 22 K, 
when the telescope points to the zenith at clear sky. The half 
power beam width (HPBW) is 9.'5. The receiving system was 
designed for a central frequency of 4800 MHz and a bandwidth 
of 600 MHz. However, four groups of geostationary Indian satel- 
lites (InSat) series located in southern direction emit strong sig- 
nals ranging up to 4810 MHz. To suppress the interferences of 
the InSat, a (tunable) filter was installed in November, 2005. The 
receiver has two working modes now: a broad band mode for 
the northern sky observations with a central frequency of 4800 
MHz, a bandwidth of 600 MHz and a calibration signal of 1 .7 K 
T fl ; and a narrow band mode with the central frequency of 4963 
MHz, a bandwidth of 295 MHz and a calibration signal of 1 .45 K 
T 
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The Sino-German A6 cm polarization survey of the Galactic 
plane is intended to map the Galactic plane within a range of 
Galactic longitude (GL) of about 10° < / < 230° and Galactic 
latitude (GB) of -5° < b < 5°. It is difficult to map regions of 
smaller or larger longitudes, because such a region always has 
an elevation at or below 10°, where the ground radiation con- 
tamination is very serious. Measurements of the Uru mqi ground 
radiat ion characteristics at A6 cm were presented bv lWang et al.l 
(120061) . 

The survey regions are covered by raster scans in both GL 
and GB directions, i.e. the sky is scanned at least twice. The 
survey region is divided into fields covering 2° or 2°2 (GL) x 
10° (GB) for scanning in GB direction, and a number of typi- 
cally 8° (GL) x 2°6 (GB) for scanning along GL direction, so that 
each field can be observed in a reasonable time when the instru- 
ment or other conditions (e.g. weather) are stable enough on av- 
erage. We usually use a scan velocity of 2°/min. The separation 
between two subscans is 3', which conforms to the Nyquist the- 
orem and therefore insures a full sampling. An overlap of about 
0° 1 between the fields edges guarantees baselevel adjustment of 
the neighbouring fields. The length of the GL fields varies to 
avoid the presence of strong emission structures at the bound- 
aries. All survey observations are carried out during night time 
with clear sky to avoid the influence of the solar emission via the 
far-sidelobes of the telescope. 3C 286 and 3C 295 serve as pri- 
mary polarized and unpolarized calibrators respectively. 3C 138, 
3C 48 and 3C 147 serve as secondary calibrators. Calibrators are 
always observed before and after the survey maps. The survey 
parameters are summarized in Table Q] 



Table 1. Survey parameters. 



Parameters 


Values 


System temperature 


22 K 


Telescope beamwidth 


9f5 


SubScan separation 


3' 


Scan velocity 


2°/min 


Scan direction 


GL and GB 


Typical rms-noise for total intensity 


1.4mKT B 


Typical rms-noise for U/Q 


0.5 mK T B 


Typical rms-noise for PI 


0.7 mK T B 


Central frequency 


4800 MHz/4963 MHz 


Bandwidth 


600 MHz/295 MHz 


Conversion factor T B /S 


0.164 K/Jy 



3. 1 . General procedure 

The raw data are stored for every subscan from the data flow 
of four channels from the "Pocket backend", together with time 
information (in MJD) and telescope position. We extract Stokes 
/, U and Q from these data for each individual subscan. Details 
will be described elsewhere (Reich et al. in prep.). We then ar- 
range data from all subscans to form maps of Stokes /, U and Q. 
The U and Q maps are then corrected for the parallactic angle, 
so that the polarization angles are measured in the celestial co- 
ordinate system. For the survey, we use the Galactic coordinate 
system, which needs another transformation of U and Q. All 
maps are finally transformed to the NOD2 format dHaslamll974t) 
so that we can adopt all the mapping software developed at the 
M PIfR for further p rocessing. This has been already described 
by I Sun et al. (2006). First, the baselines of some distorted sub- 
scans can be further corrected by a second order polynomial fit, 
in case they are observed at low elevations and a linear fit cannot 
remove the entire ground radiation. Second, spiky interference 
or bad subscans are removed or replaced by an interpolation of 
surrounding map pixels. Often "scanning effects" (stripes show- 
ing up along the telescope driving direction) are still clearly seen 
in the /, U and Q maps, which is caused by system instabilities 
or static low-level in terference, whe r e the "unsharp masking" 
method developed by ISofue & Reichl d 1979b is used to suppress 
these influences. 

Positions of point sources in the maps are c ompared with 
those from the NRAO VLA Sky SurvejQ (NVSS. ICondon et all 
1998). Position differences are in general smaller than 1'. 
Occasionally, larger position offsets of the map occur due to 
unidentified technical reasons, which then could be corrected by 
shifting the map coordinates accordingly. 

We calibrate the /, U and Q maps in respect to the primary 
calibration source, 3C 286, which is assumed to have a flux 
density of 7.5 Jy at 4.8 GHz, a polarization angle of 33° and 
a polarization per cent age of 11.3%. These data are taken from 
Baar s et alJd 1977b and lTabara & Inoud(ll980b and are consistent 
with Effelsberg calibration source observations. For cleaning of 
instrumental polarization the measurements of the unpolarized 
calibrator 3C 295 are used. 

We then combine the processed maps of all sub-fields to ob- 
tain large survey maps. The maps in the two orthogonal GL and 
GB directions were first Fourier transformed and then added 
together in the Fourier domain accor ding to their weight as 
described by Eme rson & Gravel dl988b . This method removes 
residual scanning effects. The spatial frequency map is inversely 
transformed for the final intensity distribution map. 



3. Survey data processing procedure 

In this section, we summarize the data processing steps. The raw 
data from the "Pocket backend" as well as the telescope posi- 
tion read from the t elescope control PC are stored into a file in 
MBFITS format dMuders. Polehampton & Hatchellll2005l) on a 
Linux-PC for every frontend phase of 32 msec. For each sub- 
scan, any gain drift of the receiving system is corrected and a 
linear baseline is subtracted from the raw data. All subscans of 
a field are combined into a map. We then remove bad subscans 
and baseline distortions from the map, and finally all observed 
maps of a field are averaged in a suitable way to obtain the final 
map. We show below that in our reduction pipeline the ground 
radiation contamination has been largely removed. 



3.2. Ground radiation 

Ground radiation is always picked up through the side-lobes 
of the telescope. We have made intensive tests to measure the 
azimuth- and elevation-dependent groun d radiation charac teris- 
tics of the Urumqi station at A6 cm band dWang et al.ll2006b . For 
observations at high elevations (> 30°), the total intensity of the 
ground radiation does not vary significantly with azimuth or ele- 
vation. Therefore, for a typical survey map, the ground radiation 
adds a temperature gradient to the map, which is sufficiently well 
subtracted by a polynomial fit (usually of first order sometimes 
of second order) from the total intensity channel for each sub- 
scan. 



1 http://www.cv.nrao.edu/nvss/NVSSlist.shtml 
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The elimination of ground radiation in the Stokes U and Q 
maps is by no means trivial, but must be cleaned from the final 
survey data. The ground radiation itself is not polarized in most 
directions. However, the instrumental sidelobes are strongly po- 
larized and generate spurious polarization signals when they 
pick up emission from the ground. These signals can severely 
affect the observation of very weak polarization signals on large 
scales. In contrast to the basically linear variation for the total in- 
tensity contamination with azimuth and elevation, the spurious 
polarization of ground radiation is more complex and difficult to 
model. 

For the first survey region, we tried a standard procedure for 
Stokes U and Q maps. First, a linear fit is made using the data 
at the two ends of a subscan, which is subtracted from the data. 
This step has already been done prior to the raw NOD2 map 
generation. Consequently, the polarization data in the U and Q 
maps are all relative to the ends of all subscans. By this proce- 
dure, the linear components of the ground radiation in Stokes U 
and Q have been removed. The residual ground radiation, so far 
present, varies with azimuth and elevation and thus manifests 
as obvious stripes inclined to the scanning direction. The in- 
clined stripes can be similarly treated as scanning effects which 
can be virtual ly suppressed by a pplying the "unsharp mask- 
ing" method dSofue & Reichl 1 1 9791) and the "PLAIT" process 
dEmerson & Gravel ll988). but require an appropriate rotation of 
the map. After this procedure we are confident that the spuri- 
ous polarization has been completely removed from the Stokes 
U and Q maps. 

3.3. Polarization Cleaning 

Based on observations of the unpolarized calibrators 3C 295 and 
3C 147, the instrumental U and Q have been measured showing 
a "butterfly"-shaped symmetric configuration. Therefore the in- 
strumental PI manifests as ring-like structures with a peak per- 
centage polarization of up to about 2%. The instrumental po- 
larization can be safely ignored except for strong sources or 
Galactic structures, where a clean procedure should be applied. 
By averaging a number of observations of 3C 295 and 3C 147 
we obtained Stokes /, U and Q maps of the instrumental re- 
sponse, which can be regarded as instrumental pattern from the 
antenna and leakage from / into the polarization channels. The 
"RE BEAM" procedure from the NOD2 package is then applied 
(e.g. ISofue et al.ll987l for more details see Reich et al. in prep.). 
In brief, for an object with observed Stokes / t, s , t/ bs an d 2obs, 
the instrumental contribution to polarization (U ms( and Qinst) can 
be obtained as, f/i nst = I^U/I and Q mst = I b s Q/I, where the 
tilde means the Fourier transformation. The inverse transforma- 
tion yields the instrumental contribution of £/j ns t and Qinst, which 
is to be subtracted from the £/ b s and Qobs maps to get clean 
maps. 



4. Observation and processing of the first survey 
region 

In this paper we analyse objects from the first survey region cen- 
tered at (l,b) = (125°5,0°) with a size of 7° x 10°. Observations 
for two coverages in the GL direction and two coverages in the 
GB direction were conducted between October 2004 and April 
2006. 

Following the data processing procedure described in 
Section[3] we obtained the total intensity map as shown in Fig.Q] 
the Stokes U and Q maps in Fig. [2] and the polarized intensity 
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Fig. 1. The gray-scale image shows the total intensity for the sur- 
vey field centered at (/, b) = (125°5, 0°) with a size of 7° x 10°. 
The contours encode the total intensity with levels equal to 
±2" x 3cr 7 with n = 0, 1, ... and 07 = 0.85 mK T B . Solid lines 
show positive intensities and dotted lines negative ones. 



and polarization angle maps in Fig. [3] All these maps are on 
a relative level with the edges set to zero. Therefore the large- 
scale structures comparable to the map size are missed, which 
introduces a non-linear bias spurious for the polarization results 
(lReichll2006l) . 

4.1. Zero-level restoration 

Most of the large-scale polarized emission missed in our 
field is probably originating from the so-called "Fan region", 
which is an outstanding strong polarization feature and can 
be easily r ecognized from all exist i ng polarization surve y 
maps (e.g. iBrouw & Spoelstral [19761: IWolleben et alJ [2006). 
I Wilkinson & Smith! d 19741) and ISpoelstral (11984 claimed that 
the "Fan region" is a local feature at a distance of about 500 pc 
and Faraday rotation is negligible. We assume that the "Fan re- 
gion" is fully inclu ded in the 22.8 G Hz (K-band) polarization 
map from WMAP dPage et al.l l2006h which thus can be used 
for an estimate of missing large-scale polarization components 
in our A6 cm map. We tried to compensate the missing large- 
scale stru ctures in the U and Q maps in a similar way as de- 
scribed in Uv aniker et alJ (Il998h . First, we convolved both our 
Urumqi A6 cm map and the corresponding K-band U and Q 
maps to a HPBW of 2°. Second, we scaled the smoothed K- 



band maps by the factor of (^rgV, with a spectral index ft of 
-2 .8, assuming it i s the sam e as that for total intensities obtained 
bv lReich & Rei ch ( 1988a b). We note that the polarized inten- 
sity for the lar ge-scale structures i s about 300 mK in the DRAO 
1.4 GHz map (IWolleben et al.ll2006l) and about 1 12 ,uK in the K- 
band map, which yields the same spectral index of about -2.8. 
Third, we subtracted the convolved Urumqi A6 cm maps from 
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the scaled and smoothed K-band maps to obtain the difference 
maps. Finally, we added the difference to the original Urumqi U 
and Q maps. Based on such zero-level restoration for U and Q 
maps, the polarized intensity and polarization angle maps were 
recalculated (Figs.[2]and[3]). The polarized intensity of the miss- 
ing large-scale structures is about 8.5 mK. As expected from 
the polarization angle of the "Fan region" , which is known to 
be around zero, the zero-level correction of the Q map is large, 
about 8.3 mK, while that of U map about -0.6 mK. 

The U and Q maps with the restored large-scale structures 
have to be regarded as an approximation, which, however, is 
not too far from the real situation. Compared to the observed U 
and Q maps, the structures change dramatically after the zero- 
level restoration. For polarized intensity, a large-scale offset of 
about 8 mK has been added (Fig. HI. The most striking differ- 
ence can be found in the region at (I, b) = (125!5, -2°2), where 
the enhanced polarized intensity in the original maps is signifi- 
cantly reduced. The change of the polarization angle distribution 
is obvious from Figs.[3]and[4] The polarization angles are much 
less scattered when the large-scale components are included (see 
Fig.HJl- The width of the polarization angle distribution and the 
mean level of polarized intensities depends on the amount of 
large scale emission added to the original data. Errors in the as- 
sumed spectral index used to extrapolate the WMAP polariza- 
tion data towards A6 cm have an effect on that, but the principal 
structure and variations are preserved compared to the original 
maps. 
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Fig. 4. The distribution of polarized intensity and polarization 
angles before and after restoration of large-scale structures from 
convolved K-band U and Q maps as observed by WMAP (see 
section 4). 



4.2. Accuracy and errors 

The typical rms noise for total intensity, U and Q, and polarized 
intensity were obtained from survey maps where the contribu- 
tion from Galactic structures are nearly absent. The results are 
listed in TableQ] 

Because the system temperature r sys is 22 K, the bandwidth 
Av is 600 MHz and the integration time r is 2 seconds, the equa- 
tion <T[ = r sys / VAvt gives the rms noise (07) of 0.6 mK for 
total intensity. This corresponds to a brightness temperature of 
0.9 mK, which is calculated using the measured beam efficiency 
of 67%. Since U and Q are measured by correlating the two to- 
tal intensity channels, their rms noise is lower by a factor of V2 
than that of the total intensity, which means about 0.7 mK. For 
the first region discussed here, we have made two additional cov- 
erages with an integration time of 1.5 seconds for each and one 
additional coverage with standard integration time of 1 second. 
The theoretical rms noise is now 0.6 mK Tb for total intensity 
and 0.4 mK Tb for U and Q. The measured rms noise for I is 
0.85 mK T B and for U/Q is 0.3 mK T B . For polarization, the 
prediction is consistent with the measurements. For total inten- 
sity, the measured rms noise is slightly higher, which is likely 
due to limited system stability and low-level interference. 

Our long-term observations of the primary survey calibrator 
3C 286 (from August, 2004 to April, 2006) show that the sys- 
tematic error for total intensity calibration is less than 4% and 
less than 5% for polarized intensity. The observations also yield 
the polarization angle of 32° ±1° for 3C 286, which is rather 
stable and very close to the assumed standard value. So we do 
not make further correction for the polarization angles and quote 
the uncertainty of the angles as 1° for high signal-to noise ratios. 
We also obtained the flux density, polarization angle and polar- 
ization percentage for the secondary polarized calibrators 3C 48 
and3C 138. For 3C 48, these quantities are 5.5+0.1 Jy, 108° + 1°, 
and (4.2+0.4)%. For 3C 138, the three quantities are 3.9+0.1 Jy, 
169° + 1° and ( 10.8+0.5)%. The re sults are consistent with th e 
values quoted in lBaars et all d 1977b and lTabara & Inoud dl980). 
3C 48 and 3C 138 are known for slight variations with time. 

To check whether the ground radiation has been fairly re- 
moved, we compared the final map with each individual map and 
found that all the common structures are preserved. This means 
that the ground radiation, if any still remains in the results at all, 
is below the level of rms noise. This can result in slightly larger 
rms noise than theoretical prediction as shown above. 

For zero-level restoration, we added just the large-scale U 
and Q components to the original maps, which do not introduce 
extra noise. However, the spectral index for polarized intensity is 
uncertain. If the spectral index varies by 0.1, the level of the re- 
stored polarized intensity will change by about 17%. This means 
the peak of the polarized intensity distribution after zero-level 
restoration (Fig.|U) will shift towards the lower or higher values. 
The polarization angle distribution will also change, depending 
how the large scale components distribute in U and Q. For our 
region the missed offsets in Q are much larger than in U. Thus 
spectral index errors will change the width of the angle distribu- 
tion and slightly shift the mean absolute value. These shifts will, 
however, only slightly affect the polarization structures, and have 
little influence on our results on Faraday screens because our re- 
sults are based on the difference or ratio between the polarized 
emission towards the screen and the emission in the surround- 
ings. However, a spectral index error affects the emissivity. 
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Fig. 2. Gray-scale images of the original and restored U and Q maps. 



5. Extended Objects in the first Survey region of compact sources will be given elsewhere (Shi et al., in prepa- 

ration). Here we analyze the extended sources. 

In the first survey region we recognize a number of compact 
sources and extended sources or structures. A detailed analysis 



X. H. Sun et al.: A Sino-German A6 cm polarization survey of the Galactic plane 7 
Original PI + B-vectors Restored PI + B-vectors 




&A14CTIC LOW&ITDDE GAMETIC LQHGTTDVG 

Fig. 3. Gray-scale images of the polarized intensity (PI) with overlaid bars for every third pixels in B-field direction (polarization 
angle PA + 90°). The length of the bars is proportional to PI with a lower limit of about a- PI = 0.4 mK Tb- A polarized intensity of 
1 mK Tb corresponds to a bar-length of 0.2 degree. Contours show total intensities with the same (positive) levels as in Fig.Q] 



The prominent extended objects seen in the total intensity 
map (Fig.[TJ are listed in Table[2] together with their distances - 
where known - and references. The objects are SNRs, HII re- 
gions or reflection n ebulae. Two S NRs are identified accord- 
ing to the catalog of iGreenl (120061) . seven known HII regions 
(Sharp less HII regions and DU 65) are ident i fied fr om the cata- 
log by Sharpless dl959h and lDubois-Crillonl J 1976b . Four so far 
uncatalogued objects in our map are listed at the end of the table. 
G128.4+4.3 and G122.7+1.5 are too weak at other bands, so we 
did not explore their properties further. 

Polarization maps are directly related to the magnetic field 
structure. After adding the large-scale structures, the polariza- 
tion angles are concentrated around 0° (Figs. [3] and @), indicat- 
ing a very uniform large-scale magnetic field running parallel to 
the Galactic plane. Some prominent features can also be recog- 
nized from the polarized intensity and B-vector maps (Fig. |3), 
including polarization minima and regions with polarization an- 
gles considerably deviating from the general tendency. Many of 
these polarized structures have no counterpart in total intensity. 

The salient extended features in Figs. Q][3] are: 

- SNRs G126.2+1.6andG127. 1+0.5, which have polarization 
detected in the relative scale maps. However the polarization 
towards the eastern shell of SNR G126.2+1.6is considerably 
reduced after the zero-level restoration of U and Q maps. 

- A polarization feature at (I, b) = (126?2, —Qf.2) seen in the 
original PI map in Fig. [3] which has no correspondence in 
total intensity and virtually disappears in the restored map. 

- The strong polarized feature at (I, b) = (125°6,-1°8) seen 
in the original PI map without a counterpart in the total in- 
tensity map. After the restoration, the polarized intensity is 



slightly below that of its surroundings, however, the polar- 
ization angles remarkably deviate from the surroundings. 

- The extended source G124. 9+0.1, which shows polarization 
in the relative map in Fig. [3] but turns into a polarization 
minimum after the zero-level restoration. 

- The reflection nebula Sh 185, which is probably physically 
connected to the shell extending towards southeastern direc- 
tion. In the zero-level restored map in Fig. [3] the polarization 
properties towards Sh 185 are unchanged, which means that 
the nebula does not emit polarized emission nor depolarizes 
or causes Faraday rotation of the background emission. 

- Polarization minima towards extended sources, such as 
Sh 183, are seen in both the original and the zero-level re- 
stored polarization maps, although the appearance might be 
patchy. 

5.1. Flux density and spectral index 

To achieve an integrated net flux density of an extended source 
the contributions of the diffuse background and extragalactic 
sources must be removed. In this paper, the "backgr ound filter- 
ing" technique developed by ISofue & Reich] (1 1979b is applied 
to subtract the large-scale diffuse emission. The filtering beam 
was taken to be 33' x 33', which gives roughly the scale length 
of the separation between large-scale and small-scale emission. 
Then a "twisted" hyper-plane fitted by using the pixel values 
surrounding the source is subtracted. In order to figure out 
the contribution from compact sources, we extracted all point 
sourc es towards the targ et object from the NVSS source cata- 
log (ICondon et al] [T998). The total flux density of these sources 
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Table 2. Prominent extended objects in total intensity map at A6 cm. 



Name 




b 


■$4800 


distance 


Note 


Ref . for distance 




o 


o 


(Jy) 


(kpc) 






G127. 1+0.5 


127.1 


0.5 


6.3+0.7 


1.2, 4.4 


SNR 


1, 2 


G126.2+1.6 


126.2 


1.6 


2.6+0.6 


2.4, 5.6 


SNR 


2,3 


DU 65 


127.9 


1.7 




3 


HII region 


4 


Sh 180 


122.63 


0.05 




6.2 


HII region 


5 


Sh 181 


122.72 


2.37 




2.8 


HII region 


6 


Sh 183 


123.28 


3.03 


5.4+0.5 


0.7, 6.2 


HII region 


6,7,13 


Sh 185 


123.85 


-1.97 


1.4+0.5 


0.2 


Reflection nebula 


8, 9, 10 


Sh 186 


124.90 


0.32 




2,3.5 


HII region 


11,5 


Sh 187 


126.66 


-0.79 


1.2+0.1 


1 


HII region 


12 


G124.9+0.1 


124.90 


0.10 


1.4+0.2 


2.8 


HII region 


13 


G124.0+1.4 


123.95 


1.40 


1.6+0.3 




HII region 


13 


G124.8+4.3 


124.8 


4.3 








13 


G122.7+1.5 


122.7 


1.5 








13 



Reference for the distance: l. lLeahv & Tianl d2006l) : 2.lJoncas. Roger & Dew dnev ( 1989); 3. Tian & Leah vld2006h: 4.ICichowolski et~aHd2q03h: 5 . 
Blitz, Fich & Starkldl982h : 6.lFich & Blitz! dl984l): ZlLandecker et alJdl992t): 8.|Perrvman et al.ldl997l) : 9. lKarr, Noriega-Crespo & Martini d2005l) : 
lO. lBlouinet alJdl997h ; ll. lCazzolato & PineaultH2003l) ; 12. Uoncas, Durand & RogeJdl992l) ; 13. This paper. 



is then extrapolated to the frequency of 4.8 GHz from 1.4 GHz 
with a spectral index of a — -0.8 (S v oc V with S v being the 
flux density at a frequency v) to yield the source contribution. 
The uncertainty of the background level and the source contri- 
bution together introduce a typical error of less than 10% of the 
flux density of an object. 

The spectral index can be obtained by fitting a power-law 
to the integrated flux densities observed at various frequencies. 
However, the spectral index could be influenced by the un- 
certainty of the background level. For example, a background 
level uncertainty of 10% at 4.8 GHz can introduce an error 
of about -0.1 for the spectral index between 4.8 GHz and 
1.4 GHz. Therefore, we also obtained the spectral index for the 
brightness temperature /3 via temperature-temperature plots (TT- 
plots), which are unaffected by the uncertainty of the background 
level. The flux density and brightness temperature are related 
via S v oc v 2 T v , so the spectral index for brightness tempera- 
tures can be translated to the spectral index for flux densities as 
a = [3+2. Fortunately many survey data are public and thus facil- 
itates the study of TT-plots. We retrieved the CGPS 1420 MHz 
and 408 MHz survey datfl which includes Effelsberg data for a 
correct representation of the large-scale emission, and also the 
Effelsberg 1408 MHz survey data separately The published 
865 MHz data around SNR s G127. 1+0.5 and G126.2+1.6 by 
iReich. Zha ng & Fiirst (2003) were also used. We convolved all 
data to a common HPBW of 10' except for the 865 MHz data and 
then obtained the spectral indices [3 and a listed in Table [3] For 
the spectral index between our 4800 MHz data and the 865 MHz 
data, we smoothed the 4800 MHz data to a HPBW of 14.5'. 
Note that strong point sources have been removed before TT- 
plots were made. 

The spectral index is an important diagnostic tool to deter- 
mine the nature of an extended source. An object with a spectral 
index around -0.5 identifies that source as a SNR (Table. |3j. 
However, a flat spectrum could originate from either a thermal 
source such as a HII region or a nonthermal source such as a 
plerion or a Crab-like SNR. The identification of a HII region 
can be strengthened if the exciting star can be found. Below we 



2 http://www2.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/cgps 

3 http://www.mpifr-bonn.mpg.de/survey.html 
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Fig. 5. The ratio of the IRAS 60 jim flux density to A6 cm flux 
density. The lower limit for the A6 cm intensity is 3<x 7 . Both 
maps were scaled to Jy/beam at the common beamwidth of 10' 
before the ratio was calculated. The superposed contours are at 
the same levels (above 3cr 7 ) as in Fig.Q] 

have intensively used the SIMBAE0 data base for the search of 
exciting stars. 

Another criterion is the ratio between the infrared flux den- 
sity an d the radio continuum flux density. iFiirst. Reich & Sofud 
dl987l) have reported that the ratio of the IRAS 60 //m in- 
tensity and the AW cm intensity ^O/im/iicm is around 500 < 
^60//m/iicm 5 1500 for HII regions and fl 60/ffll /ii cm % 250 for 
SNRs for objects in the first Galactic quadrant. This reflects that 



4 http ://simbad. u- strasbg.fr/S imbad 
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Table 3. Spectral index B of extended objects derived from TT-plots. Note that the CGPS 1420 MHz data include the large-scale 
component from the Effelsberg 1408 MHz survey. The average of a is also listed. 



Region 


radius 


A800/1420 


/?4800/1408 


/54800/865 


/54800/408 


average a 


^60(111} j 6cm 


SNRG127.1+0.5 


30' 


-2.41±0.01 


-2.40±0.01 


-2.47±0.03 


-2.42±0.01 


-0.41+0.02 


280 


SNRG126.2+1.6 


40' 


-2.58±0.05 


-2.47+0.04 


-2.55±0.05 


-2.51+0.09 


-0.52+0.03 


770 


DU65 


24' 


-1.91±0.02 


-1.91±0.02 


-2.07±0.09 


-2.01+0.28 


0.09+0.07 


440 


Sh 183 


27' 


-2.02±0.01 


-2.06±0.01 




-1.90+0.02 


-0.02+0.01 


420 


Sh 185 


24' 


-2.01+0.06 


-2.03±0.07 




-2.12+0.14 


-0.03+0.06 


1500 


G124.9+0.1 


27' 


-1.97±0.10 


-2.01±0.10 




-2.15+0.36 


0.00+0.13 


1100 


G124.0+1.4 


30' 


-2.20±0.08 


-2.20±0.06 




-2.34+0.11 


-0.22+0.05 


600 


Sh 187 


5' 












5800 



HII regions are strong infrared emitters. Therefore we calculated 
the ratio /^O/jm/ecm to determine the nature of a source. We re- 
trieved the high resolution IRAS 60 yum data (ICao et all 1 19971) 
from the CGPS data archive. We scaled both the Urumqi total in- 
tensity data and the IRAS data to units of Jy/beam. The data were 
convolved to 10' and the ratio was calculated as shown in Fig. [5] 
The average of the ratios for some extended objects are listed in 
the last column of Table[3] The ratio for the SNR G127.1+0.5 is 
obviously smaller than those for the other nebulae, but that for 
SNR G126.2+1.6 is rather large, probably due to its very weak 
surface brightness and enhanced large-scale infrared emission in 
its direction. As can be seen from Fig. [5] except for the known 
SNRs, all extended sources all show very large ratio Reu^m/6cm, 
which indicates their thermal natures. No new SNR or plerion 
could be detected in the first survey region. 

5.2. Interpretation of polarization structure 

The observed polarization structures could be produced by two 
mechanisms. Synchrotron emission is intrinsically polarized, 
and the polarized intensity depends on the amount of the regu- 
lar magnetic field component in the emitting volume. In general 
SNRs are polarized objects, while HII regions are not. However, 
as we show below, this is not necessarily directly observed in 
maps of polarized emission. A polarized structure can also be 
caused by Faraday effects within the diffuse foreground ISM or 
a HII region along the line of sight. The polarization in the direc- 
tion of a source could be the sum of modulated background and 
foreground components, which can be recognized only from the 
zero-level restored maps. 

5.2.1. The polarization of radio emission 

As can be seen from Fig. [3] large-scale coherent polarized 
structures prevail in both the original relative and zero-level 
restored maps. These structures should originate either in the 
Perseus arm of about 2 kpc distance dXu et al.l I2006I) or in 
the ISM up to the Perseus arm. As we show below, the 
polarized emission behind the Per s eus a rm is very weak. 
Beuermann, Kanbach & Berkhuiisen (1985) modeled the syn- 
chrotron emissivity of about 1 1 K kpc -1 at 408 MHz. This cor- 
responds to an emissivity of 11 mK kpc -1 at 4.8 GHz based 
on a spectral index of -2.8. Depolarization is quite small at 
4.8 GHz in case there are no Faraday screens along the line 
of sight. Thus the polarization percentage can be written as 
p - piB 2 eg /(B 2 eg + B 2 m ), where pi * 75% is the intrinsic polar- 
ization percentage, and B leg and B lan are the regular and random 
magnetic field components, respectively. Providing a distance of 
2-3 kpc and a polarization percentage of about 40%, the polar- 



ized intensity is about 8.8-13.3 mK, which is consistent with the 
zero-level restored observations (Fig. [3] right panel). 

5.2.2. Depolarization 

Depolarization can happe n in three ways ( Burn! [19661 [Tiribble 
ll99lUSokoloff et al.lll998l) . depth depolarization, beam depolar- 
ization and bandwidth depolarization. All of them are related 
with the rotation measure (RM) and its variation cr-gM- For depth 
depolarization, thermal electrons and relativistic electrons coex- 
ist within the same volume. Radio emission originating from dif- 
ferent locations along the line of sight may have different polar- 
ization angles due to Faraday rotation, and the sum of all these 
Faraday rotated emission components along one line of sight 
will reduce the amount of observed polarization to some extent. 

1 — exp(— S ) 

The depolarization can be written as DP = | — -\, where 

S - 2cr 2 RM A A - 2iA 2( R. Here DP is defined as the ratio of the ob- 
served polarized intensity to the intrinsic polarized intensity, and 
K is the RM through the entire source. 

Beam depolarization occurs when the polarization angles 
vary across the beam, and therefore the average of the polarized 
emission within one beam will result in depolarization. Note that 
this transverse variation of RM can happen both in the emission 
region and in the foreground medium. For the foreground case, 
the depolarization can be written as DP — wp(-2cr 2 RM A 4 ). Note 
that the RM varies along the line of sight for depth depolarization 
but transversely to the line of sight for the beam depolarization. 

The bandwidth depolarization happens when the polariza- 
tion angles of the observed emission rotate significantly within 
the bandwidth. The depolarization DP = sinc(2RMA 2 ^-), where 
Av is the bandwidth of the receiving system. For our A6 cm ob- 
servations, although the bandwidth is 600 MHz, a RM of around 
3000 rad m -2 is needed for total depolarization, so we consider 
bandwidth depolarization as not important for our survey field. 

5.2.3. Faraday screens 

There are lots of clumps of warm ionized medium in our Galaxy. 
These clumps do not emit polarization, but they impose Faraday 
effects on the polarization from behind. Low-density ionized gas 
does not show enhanced Ha emission, but may locally show a 
remarkably strong regular magnetic field, as we see from the 
Faraday screen G125.6-1.8. The Faraday effects can result in: 
(1) rotation of the polarization angle t/f s = RM S A 2 , where RM^ 
is the RM of the screen and A is the observation wavelength; (2) 
depolarization as it has been described abov e. Beside the diffuse 
ionized gas, discrete thermal HII regions (^jaensler et al. 2001; 
lUvaniker et"alll2003l) . possibly HI cl ouds dDuncan et al] 1999) 
and the surface of molecular clouds (Woll eben & ReicnN2004h 
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Fig. 6. The PI ratio (PI JPI g) and PA difference (iff on - t// oS ) 
varying with the angle rotated by the Faraday screen (i/r s ) are 
plotted for a depolarization of / = 0.9 and the ratio c between 
the foreground and the total PI, c = 0.2, 0.4, 0.6, 0.8. 

all can act as a Faraday screens. In this paper, the polarized emis- 
sion originating from behind the Faraday screen is called "back- 
ground polarization" and the polarization in front of the Faraday 
screen is called "foreground polarization". The quantities are re- 
ferred to as "on", when the line of sight passes through the screen 
and "off" otherwise. 

The "on" components of U and Q data can be represented in 
the following way, 



[ U on - PI f s sin 2i/r ,f g + fPIbg sin 2(^ ,b g + W 

I Qon = Pk S COs2^ ,fg + fPhg COS 2(l/r ,bg + <As) 



(1) 



where "fg" and "bg" denote the foreground and background po- 
larization, / is the depolarization factor at 4.8 GHz, i//q is the 
intrinsic polarization angle which does not depend on the ob- 
servation frequency, and \jj s is the angle rotated by the Faraday 
screen. 

As can be seen from Fig. [3] the polarization angles tend to 
be 0° in the restored maps, indicating that iAo,6g = <Ao,/g ~ 0°. 
For this situation, U on and Q on can be simplified from Eq. (Q]) as, 



f U on =fPI hg sm2t// s 

leon=«fg+/«bgCOs2^ s 



(2) 



Then the "on" polarized intensity (PI on ) and polarization angle 
(i/r on ) are calculated as PI on = V^on + Qon and t// on = ±atan|». 
If the line of sight does not pass any Faraday screens, we have 
the "off" components as P/ Q ff = P/f g + PI Dg and i/f on ° = 0°. Then 
the PI ratio (PI on /PIoff) and PA difference (i/f on - iff g) is obtained 

by, 



Pi m 



PI 



off 



- c) 2 +c 2 + 2fc(\ - 

/(l — c) sin2(/» s 
(Aon - (Aoff = -atan— — — 

2 c + j{\ — c) cos 2i/f s 



• c) cos 2^ 



(3) 



where c = PIf g /(PIf g + PI Dg ) is the fraction of foreground polar- 
ization. 

Based on Eq. ||3}, the PI ratio and PA difference are plotted 
for / = 0.9 and c = 0.2, 0.4, 0.6, 0.8 in Fig. |6] We can see that 



even with very little depolarization for the background compo- 
nents, the PI ratio can be small. We also infer that a small PA 
difference may be caused by a large rotation angle of the Faraday 
screen provided with a large foreground polarization fraction 
(larger c). All this must be taken into account in any detailed 
an alysis as discussed below. 

Wolleben & Reich (2004) have proposed a similar model to 
fit the relations of PI with PA, the spectral index of polarized in- 
tensity with radius and the RM with radius for Faraday screens 
identified from the EMLS survey. In this paper, we use a model 
to account for the variations of the PI ratio and the PA difference 
with radius, which are independent in respect to the absolute po- 
larization level. 



5.3. Studies of individual objects 

5.3.1. SNRs G126.2+1.6 and G127.1+0.5 

The SNR G126 . 2+1.6 was discovered by 
iReich. Kallas & Steubd (Il979h based on its steep spec- 
trum. Later the detection of optical emission lines a nd the line 



ratios confirmed the source as a SNR undoubtedly (Blair et al 
1980; iFesen. Gull & Ketelsenl Il983l) . iFiirst. Reich & S teube 
(1 19841) could n ot rul e out a spectral break at about 3 GHz. 
iTian & Le ahy (2006) suggested a break frequency at about 
1.5 GHz. These uncertainties are created by the lack of a precise 
flux density at A6 cm, which was quoted as an upper limit by 
Fiirst . Reich & Steubd 0984). As we show below, the spectral 
curvature is ruled out using our new A6 cm flux density. 

SNR G 127.1+05 was suggested to be a SNR by iPaulsl 
(119771) and C aswe lH (119771) . The central source was originally 
proposed to be physically c onnected with the SNR like the sys- 
tem o f SS433 in SNR W50 dCaswellll977l:lGeldzahler & Shaffer! 
Il982l) . but later it was ide ntified as an extragalactic source by HI 
absor ption observations (Pa uls et al.ll982tlGoss & va n Gorkom 
11984 . A high polarization percentage of 25% at 2695 MHz 
and 30% at 4750 MHz were reported from the Effelsberg data 
dFurst. Reich & Steubd FT 984). which confirms the source as a 
SNR uneq uivocally. Op t ical e mission from G127. 1+0.5 was de- 
tected bv lXilouris et alj (Il993l) . 

We obtained the following net flux densities: 2.6±0.6 Jy for 
G126.2+1.6 and 6.3+0.7 Jy for G127.1+0.5. We then revised 
all previous measurements by a new extragalactic source cor- 
rection based on the NVSS catalog, as listed in Table [H which 
ensures the consistency of the data. We note that one of the 
central sources 0125+628 in G127.1+0.5 is the r mal and has a 
flat s pectrum dJoncas. Roger & Dewdnevl Il989t iLeahv & Tianl 
120061) with a flux density of 0.368 Jy at 1400 MHz from the 
NVSS. For this source, its flux density is taken to be 0.368 Jy 
at frequencies larger than 865 MHz and 0.12 Jy at 4 08 MHz 
dJoncas. Roger & Dewdn"evlll989tlLe"ahv & Tianll2006l) . 

Using the data listed in Table |4] we fitted the spectrum for 
both SNRs as shown in Fig. Q The linear fit yields a spec- 
tral index of -0.54+0.11 for G126.2+1.6 and -0.44+0.03 for 
G127. 1+0.5. It can be clearly seen from Fig. [7] (upper panel) 
that there is no indication of a spectral break in the frequency 
range from 408 MHz to 4800 MH z. The previous suggestion for 
a spec tral curvature (Fii rst. Reich & Steubdll984tlTian &Leahvl 
2006) is clearly due to the lack of a precise flux density measure- 
ment at A6 cm. 

We also checked the TT-plots between the Urumqi 
4800 MHz data and the data at other frequencies. As an ex- 
ample, the TT-plots between our 4800 MHz data and the 
CGPS/Effelsberg 1420 MHz data for both SNRs are shown in 
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G127. 1 + 0.5: ct=-0.44±0.03 




G126.2+1.6: a=-0.54±0.11 
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Fig. 7. The spectra of SNRs G126.2+1.6 (lower) and 
G127. 1+0.5 (upper). The upper limit of 1.7 ± 0.2 Jy (with- 
out source correction) for G126.2+1.6 at 4.85 GHz by 
Furst, Reich &Steubel d 1984 is also marked. Our new 4.8 GHz 
data are indicated by filled circles. 
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Fig. 8. TT-plots between the Urumqi 4800 MHz data and the 
1420 MHz CGPS/Effelsberg data for SNRs G126.2+1.6 and 
G127.1+0.5. 



Table 4. Integrated flux densities of SNRs G126.2+1.6 and 
G127. 1+0.5 after subtraction of compact sources. 



Frequency 


Flux density (Jy) 


Ref. 


(MHz) 


G126.2+1.6 


G127. 1+0.5 




408 


9.7±3.9 


16.3+1.7 


1,2 


408 


11.5+2.5 


16.6+2.0 


3 


865 


5.8+1.6 


13.6+0.8 


4 


1410 


5.2+0.8 


10.2+1.2 


5 


1420 


6.7+2.1 


9.8+0.8 


1.2 


1420 




9.7+0.8 


3 


2695 


3.9+0.4 


7.7+0.6 


5 


4800 


2.6+0.6 


6.3+0.7 


6 


4850 




5.6+0.4 


5 



References: 1 iTian & Le ahy (200 61); 2 iLeahv & Tiar] d2006h ; 3 
I Joncas. Roger & Dewdnevl dl989h ; 4 iReich. Zhang & FurstH2003l) ; 5 
Furst. Reich & St eube ( 1984); 6 this paper 



Fig. [8] As can be seen from Tabled for SNR G127. 1+0.5 the 
weighted average a is -0.41+0.02 and -0.52+0.03 for SNR 
G126.2+1.6, both agree well with the spectral indices derived 
from the integrated flux densities. 

Fig. [3] shows polarization towards both SNRs in the orig- 
inal and the zero-level restored map. SNR G127. 1+0.5 shows 
strong polarization, much larger than the Galactic contribu- 
tion, and the restoration process introduces just slight changes. 
Po larization B-vectors f ollow the shell, conforming to the model 
by Ivan der Laanl (1 19621) . The orientation of the symmetric axis 
of magnetic fields is parallel to the local large-scale magnetic 
fie ld, which supports th e idea proposed of a barrel type SNRs 
bv lFiirst & Reichl (Q990). This also shows the importance of the 
magnetic field in shaping the evolution of SNRs. 

For SNR G126.2+1.6 the polarization intensity is quite weak 
towards the eastern shell compared to its surroundings, and the 
orientation of the B-vectors is nearly perp endicular to the shell . 
Since SNR G126.2+1.6 is fully evolved (ITian & Leahy| |2006). 
this magnetic field c onfiguration is considered as rather atypical 
(Furst & Reich 2004). This must be ascribed to the influence of 
the foreground or background polarization. Due to the observed 
Uobs ~ and t/b g = Uf g « 0, together with Eq. (f2]i we can obtain 
ifr s = 0°. Thus the observed gobs = Qb g + Qi g + Gsnr- In the 
maps of original U and Q (Fig. O, we see that £/snr ~ and 
(2snr < 0. However for the background or foreground polariza- 
tion, we have £/f g /b g ~ and Qfg/bg > 0. So the addition of all the 
polarization will partly cancel the 2 b s . Therefore the polarized 
intensity might get reduced, while the polarization angle is still 
nearO . 



5.3.2. G1 24.9+0.1 : a newly identified HII region 

G124. 9+0.1 is an extended source with a radius of about 27' 
and a flux density of 1.4+0.2 Jy (Pig. [9j>. In the original polar- 
ization map (Fig. |3j, weak but distinct polarization across this 
extended source gives a hint for a possible SNR. However, after 
the restoration, a hole in polarized intensity becomes obvious, 
which is caused by a Faraday screen. Polarization angles inside 
the source deviate from those of its surroundings. The known 
HII region Sh 186 is located near its northern edge. 

The average spectral index of G124. 9+0.1 obtained by a TT- 
plot is a = 0.004, confirming its thermal nature. The ratio of 
60 yum flux density to 6 cm flux density (Fig. [5] and Table [3) is 
1 100 and consistent with HII region properties. We find a B0 III 
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G124.9+0.1: Pl(gray) + Ha(contour) + H(bar) 




GALACTIC LONGITUDE 



Fig. 9. HII region G124.9+0.1: polarized intensity is gray-scale 
coded, Ha intensity is shown by contours, and the orientation 
of the magnetic field in given by the direction of bars. The Ha 
contours start at 8 Rayleigh and run in steps of 2 Rayleigh. The 
position of the BO III star Hilt 102 is indicated. 



star Hilt 102 at (/, b) = (124°95, -0°01), which could be the ex- 
citing star for G124. 9+0.1 (see Fig. [9]). The distance modulus 
of the star is 12.2 mag, what corresponds to a distance of about 
2.8 kpc. We conclude that G124.9+0.1 is a newly identified HII 
region. 

Thermal emission from HII regions is generated by free-free 
emission of electrons. The observed radio continuum em ission 
at 4.8 GHz requires a nu mber of ionizing photons Nlc (Rubin 
1968; BlouinetalJll997|) as given by: 



N, 



LC 



8.825 x 10 46 77 a45 SZ) 2 



(4) 



where Nlc 1S m units of s , T4 is the electron temperature in 
10 4 K, S is the flux density in Jy and D is the distance in kpc. 
Based on the radio continuum measurements at 4.8 GHz, the 
averag e electron density can be obta ined by assuming a spherical 
model (lVIezge r & Hendersonl 1967b . 



0.175 c 0.5 r>-0.5/i-1.5 



(5) 



where n e is in units of cm -3 , 9 is the apparent diameter of the 
source in arcmin and the other parameters are as in Eq. The 
electron density could also be derived from the emission mea- 
sure EM defined as the integral of the square of electron density 
through the source along the line of sight. The EM i s related to 
the Ha intensity as (Haff ner. Reynolds & Tuftdl 19981) . 



EM = 2.75r<> % ff exp [2.44£(S - V)] 



(6) 



where EM is in units of pc cirT 6 , Iu a is the Ha intensity in 
Rayleigh, and E(B - V) is the reddening in magnitudes. 

Assuming an electron temperature of 8000 K for 
G124.9+0.1 we obtain the required N LC of 1 . 07xl0 48 s -1 , 
which conforms to the value given in iPanagial ( 1 1973b for a 
B0 III star. According to Eq. ((5]) we derive an electron density 
of 1.6 cm 4 . 

We overlaid the Ha data on the restored 4.8 GHz polariza- 
tion data in Fig. [9] The Ha d ata are taken from the all-sky Ha 
template bv lFinkbeinerl d2003l) . As can be seen from Fig.|9j there 
is a clear anti-correlation between the polarization intensity and 
the Ha intensity. The polarization angles rotate where the Ha 
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Fig. 10. Variation of the difference of the Ha intensity between 
"on" and "off" positions, PA difference and PI ratio from the 
center of the HII region at (l,b) = (124?90, 0!05) to the out- 
skirts. The vertical dotted line marks the boundary for the "on" 
and "off" regions and also indicates the size of the HII region. 
The solid lines give a fit according to the Faraday screen model 
discussed in text. 



emission is strong. To show their correlations, we plotted the 
radial distribution of these quantities. The center is selected to 
be located at (l,b) = (124°90, 0?05), the quantities are averaged 
within rings of 3'-width starting from the center. According to 
Fig. [lOl we take the radius of 27' as the size of the HII region. 
Within the source the PA difference and PI ratio increase grad- 
ually, while the Ha intensity difference decreases towards larger 
radii. The PI ratio varies from about 0.66 to nearly 1, and the PA 
difference varies from about -16° to about 0°. 

We first investigate the difference of the Ha intensity, which 
gives us hints for the variation of the electron density and the 
path length, because 7h« °c EM = n 2 e l. Here / is the length of 
the line of sight within the source. A Gaussi an electron density 
distribution (e.g. iMezger & Hendersonll 1967b and a pathlength 
within a spheroid could account for the observation in Fig. [10] 

The pathlength calculates as l(cf>) = Iq ^jl - ^(f> 2 , where lo = 2R 
is the maximal pathlength passing the center, <p the offset from 
the center, R the radius and D the distance. Then the Ha intensity 

can be written as In a (<f>) = he ^ ^jl - jp<p 2 and the best fitting 
parameters are Iq = 8.5 Rayleigh and <x Hff = 20'. According to 
Eq. ((6]), the maximal Ha intensity of 8.5 Rayleigh corresponds 
to an EM of 2 60 pc cm 4 with a reddening E(B - V) of 1.07 
dHiltner! [r956). Since the EM can be estimated as 2n 2 R, n e is 
derived as 2.3 cm -3 , which is fairly consistent with a density of 
1.6 cirT 3 as estimated before. 

We interpret the observed PA difference and PI ratio using 
the Faraday screen model in Eq. (O. Based on the Ha intensity 
fit, we model the PA rotation imposed by the Faraday screen as 



i/*s(0) = i/f e 



*~ I 7" 



Here \i//o\ is the maximal rotation 
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angle. The best parameters for a reasonable fit for both the PI 
ratio and PA difference are iffQ = -50°, / = 0.85, c = 0.6 and 
cr s = 18'. The maximal rotation angle of 50° at 4.8 GHz corre- 
sponds to a maximal RM of 223 rad rrT 2 . The maximal RM can 
be estimated as RM = 2Kn e B\\R, where K = 0.81 is a constant. 
With a distance of about 2.8 kpc and a radius of 27', we obtain 
about 22 pc for R. n e was taken to be 1.6 cirT 3 . We obtain a 
magnetic field component along the line of sight of B\\ ~ 3.9 fiG, 
which is consistent with the magnetic field strength derived 
for other HII regions based on excessi ve RMs of extragalac- 
tic so urces observed in their direction dHeiles. Chu & Trolandl 

GUI. 

As can be seen from Fig. [10] the fit for the PI ratio is roughly 
fine but not exact. A depolarization factor / « 1 is needed to 
fit solely the PI ratio, which means that the Faraday screen does 
not depolarize the background polarization. It could be that there 
exist an extended envelope around the HII region, which causes 
an underestimation of the rotation angle (ijf s ) of the screen by 
several degrees. But this does not affect the PI ratio, which is 
nearly constant for small ij/ s as can be seen from Fig. [6] 

The fitting above also gives a foreground polarization of 
about 7 mK, which allows us estimate the emissivity of 
the synchrotron emission in this direction. For a distance of 
2.8 kpc we calculate an emissivity for the polarized intensity 
of 2.5 mK kpc -1 . Assuming a polarization percentage of about 
40%, we got the emissivity for total intensity of 6.3 mK kpc -1 
at 4.8 GHz, corresponding to an emissivity at 22 MHz of about 
22 K pc~' for a spectral in dex of -2.8 and ab out 7.6 K pc 
for a spectral index of -2.6. Rog er et all (Q999) reported a syn- 
chrotron emissivity of 20.9 K pc~' obtained using the absorption 
towards the nearby HII region IC 1805 with a distance of 2.2 kpc 
located at (/, b) = (134°8, 0°9) at 22 MHz. All results are consis- 
tent with a spectral index of -2.8. 

5.3.3. An extended shell emerging from Sh 185 

The n ebula Sh 185 conta ins two reflection nebulae IC 63 and 
IC 59 (IBlouin et al 1 [l997h . which could be marginally resolved 
by our observation. The total flux density of Sh 185 at 6 cm is 
1.4+0.5 Jy. The compl ex is illuminated by th e B0 IV star y Cas 
at a distance of 190 pc (Perryman et al. 19971). 

The most spectacular new feature we can discern from 
our total intensity map at 6 cm is a shell towards south- 
east of Sh 185, which exactly follows the Ha shell (Fig. ITTb . 
The radius of the Stromgren spher e of y Cas is 6.5 pc 
dKarr. Noriega-Cres po & Martin 2005) and therefore the shell 
is probably illuminated by y Cas. Since the shell is very weak, 
we could only get the upper limit of about 0.5 Jy for the inte- 
grated flux density, which requires ionizing photons of 1 .76 x 
10 45 s _1 for an assumed temperature of the shell of 8000 K. 
The total ionizing photons from y Cas is (5.5 + 1.5)xl0 46 s _1 
(Blouin et al. 1997). From the star, the shell subtends an angle of 
about 25° (Fig. ITTb and therefore receives the photons of about 
3.85 x 10 45 s _1 from the star. This is sufficient to maintain the 
continuum radiation from the shell. 

Sh 185 as well as the shell does not have any measureable 
effect at A6 cm on the polarization observations. 

5.3.4. G1 25. 6-1. 8: a large Faraday screen 

To the east of Sh 185 and its eastern shell, there is an out- 
standing region with excessive polarization centered at (I, b) - 
(125°6, — 1°8) on the original Urumqi polarization map (Fig. [3} 



Fig. 11. The total intensity at 6 cm of Sh 185 is shown in con- 
tours with the same (positive) levels as in Fig.Q] The three point 
sources to the left are probably background extragalactic ra- 
dio sources. The gray-scale image shows the Ha intensity. The 
marked star indicates the position of y Cas. 




40 60 80 

Offset (arcmin) 



Fig. 12. The same ring integrated profiles as shown in Fig. [10] 
butforG125.6-1.8. 



and slightly reduced polarization after the restoration. The po- 
larization angles are significantly modulated when compared to 
the surrounding angles and there is no correspondence in the 
total intensity map. This region has an apparent size of about 
2° 4 when fitted with a spheroid. The largest PA difference at the 
center is about -30°, but steadily decreases towards the edge. 
The PI ratio is nearly constant or about 90% as seen in Fig. [12] 
which means neither depolarization nor foreground components, 
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i.e. / ~ 1. Similar to G124.9+0.1, we also fit the observed PI ra- 
tio and PA difference with the Faraday screen model in Eq. (O, 
and got following parameters: iffQ = -45°, <x s = 36', / = 1 and 
c = 0.4. The maximal rotation from the Faraday screen is about 
45° corresponding to a RM of about 200 rad irT 2 . 

The fraction of foreground polarization of 40% corresponds 
to a brightness temperature of about 3.6 mK. If we take the po- 
larized emissivity of 2.5 mK kpc~' determined in the direction 
of G124. 9+0.1, we obtain a screen distance of about 1.4 kpc. In 
case we use the synchrotr on emissivity of 1 1 mK kpc' 1 extrap- 
olated from that quoted be lBeuermann. Kanbach & Berkhuiisenl 
dl985l) at 408 MHz for a spectral index of -2.8 and a polariza- 
tion percentage of 40%, we obtain a distance of about 0.8 kpc. 
For further calculations we take the average of both distance es- 
timates, about 1.1 kpc, and get about 46 pc for the screen size. 
The large distance also excludes the possibility that the screen is 
related to the local complex Sh 185, although the Faraday screen 
partly overlaps with the northeastern part of the Sh 185 complex. 

Towards the screen, the Ha intensity is about 30 Rayleigh 
(Fig.[T2b, which is predominantly attributed to the Sh 185 neb- 
ula. There is no indication of excessive Ha associated to the 
screen at all. However, the Ha emission from the screen might 
be totally masked by the nebula Sh 185. The Ha absorption is 
very uncertain in the Galactic plane, therefore we cannot infer 
an electron density from the Ha results. 

We see no signature from this screen in the total inten- 
sity map. This means the total intensity of this object must be 
less than about five times the noise or 4.25 mK. The bright- 
ness temperature contributed by the screen can be represented 
as T s = tT c = 6»3 mK, w here the opacity r is calculated 
as in iRohlfs & Wilson! d2000t) and the electron temperature T e 
is taken as 8000 K. Since T s < 4.25 mK, we obtain the up- 
per limit of the electron density as 0.84 cm 4 , assuming a 
spherical shape for the Faraday screen. This electron density 
corresponds to an upper limit for the Ha intensity of about 
1.3 Rayleigh for an E(B - V) lower limit of 1 mag near the 
Galactic pla ne. This is beyond the detection limit in the all-sky 
Ha map by F inkbe iner (2003)- Together with the RM derived, 
we obtain a lower limit for the regular magnetic field along the 
line of sight of 6.4 i iG. This is smaller than th e magnetic field 
strengths derived bv lWoUeben&Reichl ([2004) for a number of 
small Faraday screens having ~2 pc in size, which are located 
at the edge of local molecular clouds in Taurus. However, the 
line of sight magnetic field component we find for G 125. 6- 1.8 
clearly exceeds the average total field strengt h in the interstel - 
lar medium at this Galactocentric distance dHan et al.l [2006). 
Faraday screens due to a thermal electron density excess and 
avoiding an enhanc ed regular mag neti c field component have 
been d iscussed bv lGrav et al.l d 1998b and lUvaniker & Landeckerl 
(120021) . In these two cases the distances for the objects could be 
not be well constrained and make such an interpretation possible. 
In the case of G125.6-1.8 an enhanced magnetic field strength 
seems unavoidable to be compatible with the available data. 

5.3.5. Sh 183 

lLandecker et alj l[l992) studied the radio morphology of the 
HII region Sh 183 using the DRAO array at 408 MHz and 
1420 MHz. They proposed an so far unknown O 5.5 star for 
its excitation. Unfortunately we can not find any O- or B-type 
star towards Sh 183. The recombination and H I velocity of 
Sh 183 is about -63 km s _1 ( lLandecker et al.lll992l) . This means 
a dynamical distance of about 6 kpc with the solar parame- 
ters Ro = 8.5 kpc and ©o = 220 km s _1 . However due to the 




IBS" 1SV i%3° 133" 



Fig. 13. The same as Fig.[9]but for the region encompassing the 
extended ojbects Sh 183, G124.0+1.4 and G122.7+1.2. The Ha 
intensity contours start from 10 Rayleigh and run in steps of 
3 Rayleigh. A B-type star located in the center of G 124. 0+1. 4 
is marked. 



spiral shock at the leading edge of the Perseus arm dRobertsI 
|1972|) . the dynamical distance has a large error. Measurements of 
Cas OB7 show that the radial velocity of th e gas can be displaced 
by ab out -20 km s _I due to that shock dCazzo lato & Pineault 
2003). Since Sh 183 is located at the boundary of Cas OB7, we 
make a similar correction and obtain a distance of about 3.6 kpc, 
which places Sh 183 on the far side or just behind the Perseus 
arm. 

We determined a flux density for this HII region at 
4.8 GHz of 5.3+0.5 Jy, which yields a spectral index of 
-0.05+0. 05 when combined wit h flux densities at lower fre- 
quencies dLandecker et al.l Il992l) . This spectral index is con- 
firmed using the TT-plot method (Table [3]). 

Towards the direction of the HII region Sh 183, some weak 
polarization minima are visible (Fig. [T3l . However, the polar- 
ization angles do not differ from its surroundings, which means 
that the polarized emission predominately originates in the fore- 
ground in respect to Sh 183. Considering together the fact that 
towards the Faraday screen G124. 9+0.1 about 80% of the po- 
larized emission is originated within the distance of 3.6 kpc and 
other screen, G125.6-1.8, all polarized emission is originated 
within a distance of about 3 kpc, we conclude that the polariza- 
tion emission originated behind the Perseus arm is very weak. 

5.3.6. Possible new faint HII regions 

The spectral index of the extended source G 124. 0+1. 4 is about 
-0.22 from the TT-plots. We found a B-type star near the center 
of G124.0+1.4 (Fig.[T3l. which means that the source is likely a 
HII region. Unfortunately no further information is available for 
this star. The ratio of the IRAS 60 /mi flux density to 4.8 GHz 
density (Fig. [5] and Table [3]) is 660, which also suggests that this 
source is more likely a HII region rather than a SNR. 

Other optically identified HII regions are either too weak at 
6 cm (such as Sh 181 and Sh 180) or confused with complex 
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emission regions (such as DU 65 and Sh 186), which prevents 
us from a more detailed study. 



6. Conclusions 

In this paper we report on the observation strategy and data pro- 
cessing procedures of the Sino-German A6 cm continuum and 
polarization survey of the Galactic plane carried out with the 
Urumqi 25 m telescope. Preliminary results for the first survey 
region centered at (I, b) — (\25°.5, 0°) are presented. 

The maps show many features in both total intensity and po- 
larized intensity. From the total intensity maps: (1) The A6 cm 
flux density of 2.6±0.6 Jy for SNR G126.2+1.6 was measured, 
which, together with previous data, rules out a spectral curva- 
ture. The integrated flux densities for other extended sources 
were also obtained. (2) We identified the HII region G124. 9+0.1, 
being studied in some detail, and G124.0+1.4 being most likely 
also a HH-region. (3) A large thermal shell is recognized to be 
probably physically connected with the reflection nebula Sh 185 
and being illuminated by the star y Cas. 

We tried to compensate the so far missing large-scale struc- 
tures in our A6 cm U and Q maps by extrapolating WMAP K- 
band polarization data from 22.8 GHz to 4.8 GHz with an as- 
sumed spectral index of -2.8. This is to be regarded as a trial for 
the zero-level restoration. The polarized structures change dra- 
matically for some regions after zero-level restoration. The po- 
larization angles are very regular in general and trace a uniform 
large-scale magnetic field parallel to the Galactic plane. Some 
Faraday screens which show enhanced polarization in the orig- 
inal polarized maps are recognized after zero-level restoration. 
Based on model fitting for the Faraday screens, the foreground 
and background polarization could be separated, which allows us 
to assess the emissivity of the synchrotron emission. The promi- 
nent features in the polarization maps are summarized as: (1) 
The HII region G124. 9+0.1 was identified as a Faraday screen 
in the zero-level restored maps. Its thermal electron density is 
estimated to be about 1.6 crrT 3 and its magnetic field compo- 
nent along the line of sight is about 3.9 fiG. (2) Polarization is 
detected from SNRs G127. 1+0.5 and G126.2+1.6. For the bar- 
rel type SNR G127. 1+0.5, the magnetic field fits the direction 
of the Galactic large-scale magnetic field. (3) A large diameter 
Faraday screen G125.6-1.8 was identified, whose electron ther- 
mal density is estimated to be up to 0.84 cirT 3 and its magnetic 
field of 6.4 fiG or larger. 

In summary, the observations of the first region of the A6 cm 
survey of the Galactic plane demonstrate their potential to detect 
numerous Galactic structures and to reveal new Faraday screens 
up to large distances, which are remarkable ISM features with 
strong and regular magnetic field. 
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